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REPORT 

EPR  and  Electrical  Investigations  of  P°int  Defects  and 
Hopping  Motion  in  SiC  Heavily  Doped  wrth  Nitrogen. 

(Project  SPC-97-4051) 

January  -  May  1997 

During  this  period  it  was  performed  the  following  work  and  were  obtained 
the  following  results:  ^ 

I.The  temperature  behavior 

"m^SrvT^K  fo  160  K  was  investigated  byBedron 
Paramagnetic  Resonance  (EPR). 

from  nonlocalized  nitrogen  electrons,  (rig.1). 

3 -10  cm  to  An  ^  fpr  soectra  associated  with  nitrogen 

UTSESSE  Snd0  addWonall  SaTStt 

4.  Correlation  d^asTng'of 

concentration  3  .lo^crn3  to  1  -lO^cm*  the  peak  position  of 

nitrogen  con^ntratio  intensities  of  EPR  spectra  of  nitrogen  in  cubic 

temperature  dependence  of  intensities^  k  to  95  K  with  the 

sites  is  shifted  to  the  no  K  to  50  -  160K  respectively, 

temperature  interval  being  shifted  from  4.2  -110  K  to  &u  lours 

(Fig.6).  . 

5.  The  analyse  of  temperature  dependency 

additional!  EPR  lines  were  performed  for  tne  samples  w.u 

nitrogen  concentyon.  ^  .10,Bom'3  the  values  of  Ionization 

6.  in  the  concerrtraUon  range  of^ 1  nitrogen  at  cubics,  hexagonal 

rTn  VSiSl  e^fons 

SSLavelv  (Fig  2  3).  The  value  of  activation  energy  E  -  16  meV  obteinea 

ar>'?rrs,u,sr. ■*."«  —  — 
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concentration  range  [1].  This  fact  was  shown  that  at  the  concentration  o 
nitrogen  higher  than  5  •  logoff®  the  nonlocalized  nitrogen  electrons  make 
the  principle  contribution  to  the  d.c.  conductivity  in  6H  SiC. 

7.  With  decreasing  of  nitrogen  concentration  up  to  3  •1017cm'a  the  temperature 
behavior  of  EPR  spectra  of  donor  states  completely  changes.  One  striking 

result  in  our  ewieriment  is  that  in  the  range  of  low 
3  -1017  - 1  •101°cm‘a,  when  the  concentration  of  nonlocalized  electrons  is  low 

one  can  obtain  the  value  of  valley-orbit  splitting  E  =  58  -  52  me(V  f°rn»^eo 
cubic  site  from  the  temperature  dependence  of  the  intensity  of  the  EPR 
spectra  of  nitrogen  in  cubic  site  (Flg.6,7).  If  the  concentration  of  nonlocalized 
electrons  is  too  high  it  should  be  impossible  to  observe 
transitions  between  A,  and  E  state  tor  nitrogen  in  cubic  site  because  of  it  is 
covered  by  hopping  motion  and  ionization  of  the  donors. 

8.  The  values  of  activation  energies  were  obfainedtom  fte  kw  tem^ra^re 
slope  of  temperature  dependence  of  EPR  spectra  intensity  of  "^9®^ 
cubic  sites  for  the  samples  with  concentration  range  of  5  -10  cm  - 
1 -lO^cnV3  (Fig  5,7).  With  decreasing  of  nitrogen  concentration  from 
5  •  lo^cm*3  to  1  •1016cm’3  the  value  of  activation  energy  was  increased  from 
19  meV  to  26  meV  respectively  and  are  in  a  good  agreement  with  those 
obtained  from  d.c.  conductivity  in  the  same  concentration  range  [1  ]. 

This  fact  shows  that  at  low  concentration  of  nitrogen  the  d.c.  conductivity 
was  caused  by  the  nitrogen  electrons  in  cubic  site. 

9  Temperature  behavior  of  ESR  spectra  of  6H  samptevM  nitrogen 
concentration  of  5  -lO^cm*3,  grown  at  T  =  2500  C,  irradiated  wrth  neutron 
flux  of  <J>  =  2  •IG'W2  and  thereafter  annealed  at  1400  C  which 
the  red  luminescence  was  investigated  in  the ,  temperature  Mtan  42 
to  160  K.(Fig.8,  9).  Analyse  of  the  temperature  dependence  showed  that 
EPR  spectra  consist  of  EPR  spectrum  associated  with  nitrogen  in  two  cubic 
sites  aK  single  lines.  One  line  observed  in  the  iow  temperature^rval 
form  4.2  K  to  40  K  and  consist  of  nitrogen  in  hexagonal  site ^and 
while  another  one  of  small  intensity  appeared  at  60  K  and  mcresed  in 
intensity  with  increasing  the  temperature  to  160  K.  The  EPR  parameters  o 

low  temperature  defect  were  obtained  at  Vefr  -142  GHza"dJ~  i?K 
was  intrepreted  as  a  new  deep  acceptor  at  Ev  +  0  8eV.  Theh^h 
temperature  line  could  be  attributed  to  the  residual  donordef^  inherent  to 

6H  SiC  samples  with  nitrogen  concentration  low  than  5 -10  cm  . 

The  energetically  parameters  were  obtained  from  temperature 
dependence  of  intensity  of  EPR  line  of  nitrogen  in  cubic  sites  (FigT  O)^ 
Energy  ionization  of  nitrogen  E  =  63  meV  is  in  a  good  agreement  with  value 
obtained  for  the  6H  Lely  samples  with  same  nitrogen  concentration,  while 
the  energy  activation  E  =  10  meV  obtained  from  the  low  temperature  slope 
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of  temperature  curve  is  too  small  compare  to  those  obtained  for  the  Lely 
samples  with  the  same  concentration  of  nitrogen. 

10  To  eastablish  the  nature  of  native  defect  presented  in  the  6H  samples  with 
low  concentration  of  nitrogen  less  than  5-10  cm  we  |nv^9atedth 
temperature  behavior  of  6H  SiC  epilayers  (EL)  grown  at  low  temperature 
1850°C  and  high  velocity  Va  =  0.9  - 1.0  mm/h  with  nitrogen  concentration  of 

(ND-  N*)  *7  •10iecnTa‘. 

Two  EPR  spectra  were  also  resolved  in  6H  SiC  EL,  but  the  temperature 
behavior  of  EPR  spectra  Is  completely  different  from  those  for  6H  Lely 
grown  samples  (Fight).  One  EPR  spectra  assodated  wrth  n^ogen  in  ^ 
cubic  sites  were  observed  in  the  temperature  interval  of  60  "120 
peaked  at  85  K  while  another  one  with  the  intensity  of  5  times  Sorter tea 
in  6H  SiC  Lely  grown  samples  were  observed  in  the  temperature  interval  o 
20  -120  K  and  peaked  at  80  K.  The  energetically  charactensticsw^ 
obtained  from  the  temperature  dependences  of  intensities  of  EPR  sP^v 
The  obtained  energy  ionization  of  nitrogen  in  cubic  site  E  -  112  meV 
(Fig.  12)  is  not  coinced  with  those  obtained  for  nitrogen  in  cubic  site  m6H 
Lety  samples  with  nitrogen  concentration  in  the  range  of  3  JO  cm  to 
1  -lO^cnf3.  The  value  of  energy  activation  E  =  78  meV  was  obtained  from 
the  low  temperature  slope  of  nitrogen  temperature  curve. 

The  values  of  energy  ionization  E  =  120  meV  and  energy  activation  E  = 
4  5  meV  were  obtained  for  nonldentified  EPR  line  (Fig.  13). 

There  was  not  yet  established  what  is  the  donor  make  the  prindpall 
contribution  to  the  d.c.  conductivity  and  It  is  not  dear 
ionization  of  nitrogen  in  6H  EL  Is  not  coinced  with  the  value  of  those 
obtained  for  6H  Lely  grown  samples.  Further  exploration  and  comparison 
EPR  data  with  electrical  data  would  be  required. 

11  The  breiiminary  investigations  of  4H  SiC  bulk  samples  grown  by 

method  (SSM)  atT=  1900  -2000°C  with  the  nitrogen 

concentaraflon  between  of  1  -lO’W  -  7  -lO'W  were  performed.  The 
temperature  behavior  of  EPR  spectra  of  nitrogen  in  cubic  site  as  a  foncton 
of  impurity  concentration'  in  4H  are  similar  to  those  ob^ed  for  6H  Lety 
grown  samples.  Additional  donor  defects  of  unidentified  nteure  th at 
oteenred  in  4H  samples  with  the  different  concentration  of  nitrogen  are 
under  investigations. 

12.  Eleven  6H,  4H  SiC  samples  for  electrical  and  optical  measurements  were 
submitted  to  Dr.  W.C.  Mitchel. 
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Fig.  1.  Temperature  dependencies  of  the  relative  integral  intensities  of 
ESR  spectra  of  bulk  6H  SiC  with  uncompensated  nitrogen  concentration 
of  (No-  Na)  *  2  •  lO^cm-8. 


Fig.2.  Temperature  dependencies  of  the 
integral  intensities  of  ESR  spectra  of 
nitrogen  in  cubic  sites  in  bulk  6H  SiC  with 
(N0_  Na)  *  2  •10,8cm'a.  The  solid  lines  ere 
fitted  by  exp(A/kT)  where  A  *  150  meV  for 
cubic  sites  and  80  meV  for  hexagonal  site. 


Fig.  3.  Temperature  dependencies  of  the 
integral  intensities  of  ESR  spectra  of 
noniocalized  nitrogen  electrons  in  bulk  6H 
SiC  with  (Nd-Na)  *  2  *1018cm  .  The  solid 
lines  are  fitted  by  exp(A/kT)  with 
A  ~  60  meV  and  16  meV. 
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Fig.  4.  Temperature  dependencies  of  the  relative  integral  intensities  of 
ESR  spectra  of  bulk  6H  SiC  with  uncompensated  nitrogen  concentration 
of(No-NA)*3'1017cm3. 


Fig. 5.  Temperature  dependencies  of  the  integral  intensities  of  ESR  spectra 
of  nitrogen  in  cubic  sites  in  bulk  6H  SiC  with  (No  -  Na)  *  3  •  1 0  cm  .  The 
solid  lines  are  fitted  by  exp(A/kT)  with  A  =  58  meV  and  1 9  meV. 
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Fig.6  Temperature  dependencies  of  the  relative  integral  intensities  of 
E  Jr  spectra  of  bulk  6H  SiC  with  uncompensated  nitrogen  concentration 

o^Nd-Na)*  1  -10“  cm*. 


Fia  7  Temperature  dependencies  of  the  integral  intensities  of  ESR 
of  steTfrTbulk  6H  SiC  with  (No-  N.)  .  1  -10“  cm".  The 

solid  lines  are  fitted  by  exp(A/kT)  with  A  =  52  meV  and  26  meV. 
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—  -  -  (f]uX  <D  -  2  107W,  T^=  ^ 
of  6H  SiC  irradiated  with  neutron  beam  C  17  *  ^^qgHz. 

Concentration  of  uncompensated  nitrogen  (NtrN*)  *  5  10  cm  .  vesr 


F.8-  9-  Temp^?Jr®  SiHto  *?2  -  itfCr  xlf=  RtSm 

Concerrtratio'n  of '“compensated  nilrogen  tHr*W  -  5  •  10>  W.v^  =140  GHz. 
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THE  LIST  of  SAMPLES 


# 

Index 

Side 

Thick 

ness 

Poty- 

type 

Impuri¬ 

ty 

Concent 

ration 

Growth 

direct. 

Temp. 

1. 

MP  181.5 

big 

13 

6H 

8 

Si 

6  1016 

Si 

1750 

2. 

MP  198.5 

big 

20 

6H 

n 

Si 

8  1016 

Si 

1750 

3. 

89  K2 

200 

6H 

p 

A1 

5  1018 

2000 

fl 

132  K3 

4H 

B 

A1 

10‘9 

2000 

103  K2 

600 

4H 

B 

N 

6  1017 

2000 

6. 

87  K 

6  1017 

2000 

D 

126K/1 

4H 

B 

N 

5  1016 

2000 

8. 

126  K/2 

4H 

n 

N 

51016 

2000 

9. 

T318.2 

'ft 0 

6H 

B 

Mn 

2400 

10 

AM  1006.4 

big 

25 

6H 

B 

5  1016 

Si 

1800 

11 

184 

400 

6H 

B 

1  1016 

Si 

1900 

Samples  1,  2,  10  (see  fig.11,  point  10  In  report)  native  defects  due  to  the  deviation  from 
stoichiometry. 

Samples  5-8  bulk  4H  SIC,  native  defect  and  nitrogen,  behavior  of  exchange  line 
(additional  level?). 

Sample  9  -  red  luminescence  1 .9  eV. 

Sample  1 1  was  investigated  by  EPR,  see  fig.7,  point  8  in  report. 

All  samples  were  grown  by  sublimation  sandwich  method  (SSM). 

Principal  Investigator  Dr.  E.N.  Kaiabukhova 

May,  28,  1997 
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Letter  to  Sparkasse  Paderfeom. 
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Yours  sincerely 


E.N.  Kalaboukhova 
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.  .  „  *  rotative  integral  intensities  of  ESR  spectra 

Fi0.S.  Temperature  J*  2  10’W,  W=  1400°C). 

Of  6H  SiC  irradiated  with  .  5  .iqV,  vmi  =  9GHz. 

Concentration  of  uncompensated  nitrogen  (Nd-tw 
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F]g.  11  Temperature  dependencies  of  the  relative  integral  intensities  of 
ESR  spectra  of  6H  SiC  EL  with  uncompensated  nitrogen  concentration  of 
(No  -  N*}  *  7  •1016cm'a. 


Fig.12,  Temperature  dependencies  of 
the  integral  intensities  of  ESR  spectra 
of  nitrogen  in  cubic  sites  in  6H  SiC  EL 
with  uncompensated  nitrogen 
concentration  of  (No  -  Na)  *  7  -1016cm'3. 
The  solid  lines  are  fitted  by  exp(A/kT) 
with  A  -  112  meV  and  78  meV. 


Fig.13.  Temperature  dependencies  of 
the  internal  intensities  of  ESR  spectra 
of  nonidentrfied  defect  center  in  6H  SiC 
EL  with  uncompensated  nitrogen 
concentration  of  (No-Na)  ~  7-101fW3. 
The  solid  lines  are  fitted  by  exp(A  TkT) 
with  A  - 120  meV  and  4.5  meV. 
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